Antisera prepared in guinea-pigs against a purified internal virion antigen of a hamster-specific C-type virus reacted with an ether-stable antigen derived from several hamster-specific viruses and an indigenous hamster virus. Reactions of identity were obtained in immunodiffusion tests between all virus preparations while no reactions were obtained with uninfected cells and murine C-type virus preparations. Guinea-pig antiserum to the murine C-type virus gs antigen did not react with any of the hamster virus preparations. This pattern of specificity was maintained in complement-fixation tests.
INTRODUCTION
The accompanying paper (Kelloff et al. I97ob) described the identity of the envelope antigens of the three hamster-specific sarcoma viruses based on cross-neutralization and interference tests. These viruses have as a common feature isolation from hamster tumours induced by murine sarcoma viruses (Klement et al. ~969; Kelloff et al. I97oa) . This report establishes that an ether-stable antigen, presumably a group-specific (gs) antigen, is shared by the hamster-specific sarcoma viruses, a hamster-specific non-sarcomagenic virus isolated from one of the sarcoma virus preparations and an indigenous hamster C-type virus. This antigen is distinct from the murine C-type virus gs antigen. This suggests that the hamsterspecific sarcoma viruses are hamster C-type virus pseudotypes carrying a sarcoma genome whose origin is most probably the original tumour-inducing murine sarcoma virus. Our current preferred nomenclature of the viruses under consideration is given in Table I of Kelloff et al. (I97ob) .
METHODS
Virus. Supernatant fluids from chronically infected tissue cultures were used as a virus source: the source of M-MSV(HaLV)G was a tumour explant; the source of the hamster helper virus HaLV was a hamster cell line described previously (Kelloff et al. I97oa, b) (Kelloff et aL 197ob) . After clarification by low-speed centrifugation, viruses were sedimented by centrifugation at 35,ooo g for 2 hr. and then resuspended in o.o~ M-tris buffer, pH 7"2, containing 5"0 % sucrose. The virus was purified by centrifugation in I5 to 6o % (w/v) sucrose gradients prepared in o.oI M-tris + HC1 buffer, pH 7.2. Centrifugation was performed in the Spinco SW 4I rotor at 4o,ooo rev./min, for 90 rain. or in the SW 25q rotor at 25,ooo rev./min, for 3 hr. The source of the indigenous hamster virus was plasma and tumours from weanling hamsters bearing the D-9 tumour transplant line (Stenback, Van Hoosier & Trentin, I968) , kindly supplied by Dr John Trentin, Baylor University. Virus concentrates were prepared according to published methods (Moloney, 196o) . Virus disruption. Virus purified by rate zonal centrifugation in sucrose gradients was disrupted by Tween 8o-ether extraction. Virus suspensions were mixed with 0.2 % Tween 8o (final concentration) and exhaustively extracted with ether at room temperature. After separation of the phases by centrifugation, residual ether was removed from the water phase with nitrogen gas.
Purification of hamster-specific gs antigen. The same techniques utilized for purification of the murine C-type virus gs antigen (Oroszlan et al. I97oa) were applied to purify the gs antigen of the hamster-specific virus, ~a-MSV(HaLV)G. Chronically infected cultures were incubated with 5 #c/ml. of [aH] leucine (4 ° c/mmole) for 24 hr. The virus was then purified by rate zonal centrifugation in sucrose gradients and disrupted by Tween 8o-ether as described above. After removal of residual ether and clarification at mo,ooo g for 6o min., the ether-resistant components were fractionated by the isoelectric focusing technique (Svensson, t962). In repeated experiments, a major portion of the radioactivity was localized with an isoelectric point of 6-9. Because of similarities in isoelectric point, size (Oroszlan et aL ~ 97o b) and pattern of reactivity with homologous antibody to the murine C-type virus gs antigen, we believe this antigen to be group-specific. The quantity of protein in the antigen preparations was determined spectrophotometrically by extinction at 28o nm. (Warburg & Christian, I94~) or by the Lowry method (Lowry et al. i95~) .
Antisera. Preparation in guinea-pigs of antisera to the group-specific antigen of the murine C-type viruses was previously described (Oroszlan et al. I97oa) . For the hamster-specific viruses, the peak fractions (isoelectric point 6'9) from an isoeletric focusing separation were used to immunize three guinea-pigs. Each animal received four injections spaced at Io-day intervals. The first two injections were given with Freund's complete adjuvant into the footpad, and later injections were given subcutaneously without adjuvant. Each animal received a total of ~ 40/~g. protein.
Immunological tests. Complement-fixation tests were made by the microtitre procedure (Huebner et al. I963) . Immunodiffusion tests were made on microslides using 0-8 % agarose. All antigens including viruses and 2o % (v/v) cell suspensions for both tests were Tween 80-ether treated.
Electron microscopy. The presence of C-type particles in the virus preparations was ascertained by the thin section technique. After rate zonal centrifugation in sucrose gradients (described above), fractions were collected by puncturing the bottom of gradient tubes and were sedimented by centrifugation at Ioo,ooo g for 60 min. The pellets were washed several times with buffered saline in order to remove residual sucrose and then processed as described previously (Kdloff et al. I97ob) . Fractions in the I'~5 to I'~7 g./c.c, range contained numerous C-type particles and these fractions were used in the immunological studies. 
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RESULTS
Utilizing the purification procedures reported for the murine C-type virus major gs antigen (Oroszlan et al. 197oa ), a physically similar but antigenically distinct protein was isolated from purified M-MSV(HaLV)G. This protein appeared to be the major internal virus protein. It had an isoelectric point of 6"9 and was used to immunize guinea-pigs. The resulting antiserum gave a single precipitin line of identity with ether-treated HaLV and the three hamster-specific sarcoma viruses, purified hamster C-type virus gs antigen and pellets of hamster cells infected with the various hamster viruses (Fig. I a) . It did not react with a variety of preparations from uninfected hamster cells. The reaction of identity extended to the virus found in the D-9 lymphoma (Stenback et al. I968 ) (Fig. I b) , providing compelling evidence for the hamster origin of HaLV and its pseudotypes. The antigenic reactivity was completely distinguishable from the murine C-type virus gs antigen, since potent antisera prepared against that antigen were non-reactive with hamster antigens (Fig. I b) . The routine antiserum did react strongly with its homologous antigen in similar assays (Fig. I c) . A similar pattern of specificity was obtained in complement-fixation assays which are considerably more sensitive than the gel diffusion tests (Table t) . In these assays purified murine and hamster C-type virus gs antigens were not cross-reactive when used at equivalent protein concentration. The anti-hamster C-type virus gs antiserum, like the anti-murine antiserum, reacted minimally with fresh purified virus of homologous type (I/2 to ~/4); however, after ether treatment homologous titres increased many fold, and again no crossreactions were detected. This increase in titre was evidence for the internal localization of the gs antigen which, while well established for the murine C-type viruses, was an important On: Sat, 03 Aug 2019 22:53:04
Hamster-tropic C-type viruses 3I point of similarity for the hamster viruses. The reactions of the anti-hamster C-type virus gs serum with infected cells allowed the development of a complement-fixation assay for replication of hamster C-type viruses identical in kind to the COFAL test for avian C-type viruses (Sarma, Turner & Huebner, I964) and the COMUL test for murine C-type viruses (Huebner, 1967; Hartley et al. 1969 ).
DISCUSSION
In a previous report it was suggested that HaLV is the indigenous C-type virus of the hamster (Kelloff et al. 197oa) . The finding that this virus and the three hamster-specific sarcoma viruses share common group-specific and envelope antigens, which are not shared by murine C-type viruses, provides evidence for this supposition. The possibility that HaLV was present in the murine sarcoma virus stocks in the original inoculum is unlikely because of the failure to detect any C-type virus infectious for hamster embryo fibroblasts in stocks of murine sarcoma viruses. The sharing of a group-specific antigen of the indigenous hamster C-type virus isolated from the D-9 lymphoma with the four hamster-specific viruses seems unequivocal evidence that HaLV is an indigenous C-type virus of the hamster and that the gs antigen and probably the envelope antigen of the three hamster-specific sarcoma viruses has been provided for by HaLV or a similar agent. The inability thus far to find HaLV in excess of the focus forming virus in the stocks of Ki-MSV(HaLV) and M-MSV(HaLV) is not firm evidence that it is not present. It could be present in concentrations equal to or less than those of the sarcoma viruses, especially if the sarcoma viruses are intrinsically competent for their own replication. Studies to determine the presence or absence of HaLV in these sarcoma stocks are in progress.
The question of competence or defectiveness for replication of these hamster sarcoma viruses is not yet resolved. All three sarcoma viruses yield a one-hit focus titration curve, and these focus assays are not affected by addition of neutralizing antisera to the medium 24 hr after virus inoculation (G. Kelloff, in preparation), thus suggesting that virus replication is not required for focus-formation. Cloning experiments are required to resolve the question of their competence or defectiveness. These experiments are in progress.
In vitro passage of murine sarcoma viruses into hamster cells has not yielded virus with the complete host range change that is characteristic of these viruses when passaged in vivo. In vitro infection of hamster embryo cells by murine sarcoma viruses has been achieved when the input virus has been of high titre (Simons, Bassin & Harvey, I967) , or has previously been passaged through another heterologous species (Ting & Bader, 1969) . In these experiments the output virus was still able to infect mouse cells without evidence of antigenic change; however, undetected hamster-specific virus could have been present in low titre. Recognition of activated indigenous hamster virus should be optimal in foci induced by a murine sarcoma virus unaccompanied by its murine helper virus. Cell lines derived from clones of these foci should then shed only hamster-specific virus. It is quite likely, however, that an indigenous virus can replicate itself and contribute antigens to a defective sarcoma virus in competition with an input helper virus (Vogt, 1967; Weiss, 1969) . Under these circumstances, low levels of hamster-specific antigens or virus should be detectable with antisera to the hamster C-type virus gs antigen. This discussion assumes that the sarcoma gene(s) contributed in some manner to the activation of HaLV in vivo and that similar activation can occur in vitro. Activation obviously implies the presence of 'switched off' C-type virus (Huebner & Todaro, 1969; Huebner et al. 1969) in hamster cells, as has been demonstrated in the mouse (Aaronson, Hartley & Todaro, 1969) .
A possible example of activation of 'switched off' C-type virus has been obtained in 
